Production of novel functional ingredients from legume proteins is a valuable strategy to boost their 2 food use and intake. Aimed at a better exploitation of the functional properties of pinto bean 3 hydrolysates, the effectiveness of two subtilisins (Alcalase and Savinase) for the dual release of 4 bioactive peptides and phenolics with antioxidant, angiotensin I converting enzyme (ACE) inhibitory 5 and anti-inflammatory activities was investigated. A higher proteolytic efficiency was observed for 6 Alcalase that increased the concentration of small peptides in hydrolysates after 120 min. Savinase 7 improved hydroxycinnamic acids and flavonoids contents in hydrolysates after 90 min due to its 8 higher esterase activity. The most active hydrolysates combined a potent free radical scavenging 9 (326-348 mmol TE/g), ACE inhibitory (IC 50 =0.22-0.26 mg/mL) and anti-inflammatory (28-16% 10 inhibition) activities. Peptide characterization of active hydrolysates confirmed the presence of 11 bioactive fragments derived from phaseolin. These results evidence the promising potential of pinto 12 bean hydrolysates as functional ingredients in the design of healthy foods. 13
5 electrophoresis were from Life Technologies (CA, USA). All other reagents were purchased from 73 Sigma-Aldrich (Madrid, Spain) unless otherwise specified .  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7 2.6. Determination of total polyphenol and flavonoid contents 120 Total phenolic (TP) content was determined in triplicate according to Przygodzka, Zielińska, 121 Ciesarová, Kukurová, & Zieliński (2014). The absorbance was measured at 725 nm in a 122 spectrophotometer (UV-160 1PC, Shimadzu, Japan). TP content was calculated by external 123 calibration using ferulic acid as standard at a concentration range 0.03-1 mg/mL. Results were 124 expressed as mg ferulic acid equivalents (FAE)/g DW. Total flavonoid (TF) content was determined 125 in triplicate according the method described by Zhishen, Mengcheng, & Jianming (1999) . The 126 absorbance was measured at 510 nm in a spectrophotometer (UV-160 1PC, Shimadzu, Japan). TF 127 content was calculated by external calibration using (+)-catechin as standard at a concentration range 128 of 0.01-0.2 mg/mL. Results were expressed as mg catechin equivalents (CAE)/g DW .  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 8 734 nm were carried out using the UV-160 temperature-controlled spectrophotometer with a CPS-144 Controller (Shimadzu, Tokyo, Japan). The standard curve was plotted based on the length of the lag 145 phase versus Trolox concentrations within the range of 0.1-0.75 mM. The antioxidant capacity was 146 expressed as µmol TE/g DW. The ACE inhibitory activity was determined in permeates < 3kDa of bean protein  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 9 bicarbonate, 100 U mL -1 penicillin, 100 μg mL -1 streptomycin and 10% (v/v) foetal bovine serum at 168 a final pH 7.2-7.4. Cell cultures were maintained at 37° C under a 5% CO 2 /95% air atmosphere at 169 constant humidity. Colon myofibroblasts were subcultured when reached >80% of confluence using 170 Trypsin-EDTA (0.25%-0.03%, v/v). Cell cultures between 33 and 34 population doubling levels 171 were used for all experiments. 172 For cell treatment, cells were cultured in 96-wells plates (BD bioscience, USA) at a 173 concentration of 6000 cells/cm 2 . Cells were grown up to confluence, and were treated with bean 174 hydrolysates at a concentration of 0.01 mg DW/mL. Bean hydrolysates were dissolved in phosphate 175 buffer saline, sonicated and vortexed three times, centrifuged at 10,000 x g for 20 minutes, and 176 filtered (0.22 m) prior to addition to the culture media. Confluent cells were co-treated with the pro-177 inflammatory cytokine IL-1 (1 ng/mL) for 24 h. Subsequently, culture medium of the treated cells 178 was collected and stored at -80º C until further analysis. 179 2.7.3.2. Cell viability assay. Cell viability was estimated using the (3-(4, 5-dimethylthiazolyl-2)-2,5-180 diphenyltetrazolium bromide assay (Cilla, Laparra, Alegria, Barbera, & Farre, 2008). This assay 181 determines in vitro cytotoxic effects of treatments described above. Briefly, at the end of the 182 incubation time, optical density was measured at a test wavelength of 570 nm and a reference 183 wavelength of 690 nm using a microplate reader (Synergy H1, Biotek). 184 2.7.3.3. Determination of interleukin 6 (IL-6). Culture medium was used for the analysis of IL-6 185 using an ELISA kit from Peprotech (Rocky Hill, NJ, USA). Absorbance was measured in a 186 microplate reader (Infinite M1000 Pro, Tecan) at 450 nm. Results were expressed as ng IL-6/mL.
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The minimum detection level was 23 pg/mL .  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 About 0.1 g of samples were extracted by sonication in 1 mL methanol/water (20/80, v/v) for 30 min 191 at temperature below 40C. A second sample extraction was performed in 100% methanol as 192 described above. After extraction samples were centrifuged at 16,100 x g and 4 °C (Centrifuge 193 5415R, Eppendorf, Germany) for 5 min and stored in a capped vial at 4C until further analysis. 
Identification of bioactive peptides by tandem nanoUPLC-ESI-MS

207
For peptide identification, 10 μg of the most active hydrolysates were desalted using a reverse 208 phase (PorosR2 © ) chromatography with 80% acetonitrile/0.1% trifluoroacetic acid. Later, the 209 peptides were dried and resuspended with 10 μL 0.1% TFA. An aliquot of 5 μl of resuspended 210 sample were injected in the linear trap quadrupole Orbitrap Velos (Thermo Scientific). Peptides were 211 loaded onto a C18-A1 ASY-Column 2 cm precolumn (Thermo Scientific) and then eluted onto a 212 Biosphere C18 column (inner diameter 75 μm, 15 cm long, 3 μm particle size) (NanoSeparations) at 213 a flow rate of 250 nL/min on a nanoEasy high-performance liquid chromatography (Proxeon) 214 coupled to a nanoelectrospray ion source (Proxeon). The mobile phases used consisted of 0.1% formic acid/2% acetonitrile (solvent A) and 0.1% 216 formic acid in 100% acetonitrile (solvent B). The solvent gradient was from 100% A to 35% B in 217 140 min. Mass spectra were acquired in the positive ion mode. Full-scan MS spectra (m/z 400-1800) 218 were acquired with a target value of 1,000,000 at a resolution of 30,000 at m/z 400 and the 15 most It is well-known that bioactive peptides are short amino acid sequences (Udenigwe & Aluko, 2012) .
257
To evaluate the cost-effectiveness of pinto bean proteolysis by subtilisins to release small peptides, 258 peptide concentration was measured in 3 kDa permeates from hydrolysates obtained at different 259 times of hydrolysis (Table 1) . Concentration of peptides < 3 kDa increased time-dependently by both 260 enzymatic treatments (P<0.05) at a similar rate than that observed for proteolysis in SDS-PAGE. The  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   13 The effect of pinto bean proteolysis by subtilisins at different times of hydrolysis on total phenolic 264 and flavonoid content is presented in Table 1 . Alcalase and Savinase proteolysis markedly increased 265 total phenolic content of hydrolysates in a time-dependent manner (P<0.05). The highest total 266 phenolic content was observed in hydrolysates obtained by Alcalase after 120 min (12.7 mg FAE/g) 267 and Savinase after 90 min (12.9 mg FAE/g), with no significant differences among them (P>0.05).
268 Surprisingly, Alcalase treatment did not affect total flavonoid concentration (P>0.05) whereas 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   14 reducing power of hydrolysates, as measured by CV, although this effect was dependent of 288 hydrolysis time. Shorter hydrolysis times (30 min) gave rise the highest electro reducing power in 289 hydrolysates obtained by Alcalase (26.0 µmol TE/g) whereas longer digestion times (90 and 120 290 min) were needed to increase this activity in Savinase hydrolysates (24.1-25.3 µmol TE/g).
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Significant positive correlations were found between antioxidant activity (measured as ORAC, 292 ABTS and CV) and total phenolic/peptide content of Alcalase and Savinase hydrolysates (P<0.05).
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In contrast, FRAP was negatively correlated with peptide and total phenolic contents (P<0.05). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15 Figure 2B presents the effect of Alcalase and Savinase treatment at different times on anti-312 inflammatory activity of hydrolysates. Cell treatments with pinto bean hydrolysates at a 313 concentration of 0.01 mg/mL did not affect CCD-18Co cells viability (data not shown). Table 3 shows the list of the most abundant peptides identified in selected pinto bean hydrolysates.
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